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Abstract. The described method refers to compensation of 
nonlinear distortions, originating in laser diodes, used in 
wideband SCM-communication systems. Its essence is 
presenting in forming of a function that is opposite of the 
function describing the W-A characteristic of the emitting 
diode. Main element is the predistorter, which is connected 
in series before the emitting diode. This way, an improving 
of the optical transmitter’s parameters and characteristics 
is being realized, by using a purposive entering 
predistortion.  
Keywords 
Nonlinear distortions, Predistorter, Laser diode, CSO, 
CTB, Volterra kernels. 
1. Introduction 
Transmitting of AM-VSB signals in HFC/CATV 
systems is accompanied with origin of nonlinear products 
at a direct intensity modulation of the laser diode (LD). 
The causes for that can be grouped by the following way: 
• Inherent nonlinear distortions in the laser diode [1], 
[2]; 
• “Clipping” in W-A characteristic of the LD [3], [4];  
• Nonlinear distortions from the fiber dispersion [5], 
[6]; 
• Nonlinear dependence between light emitting and 
current flowing through the laser diode [6], [7]. 
The described method refers to compensation of the 
nonlinear distortions, originating in laser diodes by form-
ing of a function that is opposite of the function describing 
the W-A characteristic of the emitting diode, [9], [10]. It 
allows all types of nonlinear distortions in the wide fre-
quency band (>100 MHz) to be compensated without 
complicating the optical part of the transmitter. Main ele-
ment is the predistorter (PD) which is connected in series 
before the emitting diode. This way, an improving of the 
optical transmitter’s parameters and characteristics is being 
realized, by using a purposive lead in predistortion [5], [8].  
2. Predistorter′ Mathematical Models 
Let the predistorter is described with the function φ(x) 
which in the general case is approximated with polynomial 
of degree n[4], i.e.  
n
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If the laser diode, spreading the nonlinear products is 
described with the function f(x), the distortions are abso-
lutely compensated in a condition that φ(x) is opposite to 
f(x). The compensation degree depends on the accuracy of 
φ(x) forming. A higher level of the polynomial determines 
a better conformity between the predistorter’s and laser 
diode’s characteristics. With x is marked the input signal 
and k are the linear coefficients, describing the 
transmission characteristics of the active and passive 
elements, joined in the respective loop for predistortion (of 
the second, third and etc. order).  
“Short” orders, i.e. up to the third order (n = 3) are 
mostly used in practice. In the present treatment, the func-
tion that describes the predistorter is expanded in a Volter-
ra series (system with “memory”) to the third order (cubic 
predistortion). The expansion is conformed to the analyses, 
referring to the systems with low nonlinearity.  
Using of the Volterra series, the model of the predis-
torter for laser diode’s nonlinearity compensation (Fig. 1), 
represents a combination of branches ( )3(1)2(1)1(1 ,, yyy ). Each 
of them is separated in two parts: 
• Linear with “memory”: iii HGk ≡ ; 
• “Memoryless” nonlinear: (•) ≅ (x)i, where i=1, 2, 3.  
  
Fig.1. General block diagram for adaptive compensation of the 
laser diode’ nonlinearity.  
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An amplifier for ensuring of the necessary input level 
for work of LD is put between the PD and laser diode. The 
adaptive predistorter is realized with entering of feedback 
by which data is received for the levels of nonlinear 
products. Their processing is made by a microcomputer 
(μC), which is forming voltages for regulating of the gains 
(Gi) and diodes’ bias (–Ub; +Ub). Aiming minimizing of 
nonlinearity of the laser diode’s W-A characteristic from 
thermal influences is lead in a feedback to do the 
thermocompensation with Peltier element. The PID con-
troller is realized with FPAA, as the same μC is used for 
the control [9]. The output signal of the nonlinear system, 
described with Volterra series, in the general case is 
presented in a type of multidimensional function [10, 11]: 
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where Volterra kernels hn(τ1,…,τn) are continuous and 
nondependent from x(t). Because of using of a cubic 
predistortion and according to Fig.1, expression (2) is 
rewritten in the following way: 
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where G1, G2, G3 are gains of the active and passive 
elements, included in the respective links for predistortion. 
H1, H2, H3 are Volterra kernels of the first, second and 
third order in frequency area, i.e. Hi=func(ω) and 
ω=Σ±riωI; ri are arbitrary integers. They can be defined by 
the respective mathematical expressions (Tab. 1), using the 
direct Fourier [10] or Laplace transforms [11]. 
In Fig. 2, a block diagram of optical system with PD, 
defined by Laplace transformation, is given.  
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where H(p1, p2, p3) is the third order kernel and p=σ+jω. At 
ω1=ω2=ω3=ω, so 
)()(1 pHpH ≡ ; )2()(2 pHpH ≡ ; )3()(3 pHpH ≡ . 
The expressions which define the components in the 
predistorter output are shown in Tab.2. 
Note: Ideal compensation is possible only at condition 
that L1(p)L2(p)=1, i.e. at full parity between the amplitude- 
and the phase-frequency characteristics of the PD and LD. 
 
Fig. 2. Block diagram of  PD-LD system described by Volterra 
series and Laplace transformations. 
Tab.2. Predistorter′ output components. 
3. Realization and Results 
On the basis of the model shown in Fig. 1 an 
experimental setup for studying of the levels of nonlinear 
products of the second and third order, at presence and 
absence of predistortion was realized. The block diagram 
of that experimental setup is given in Fig. 3. The 
predistorter is composite of three branches. The highest 
branch contains an adjustable amplifier of the useful signal, 
as at the same time looses in the directional couplers Tap1 
and Tap2 are being compensated. If it is needed for the 
group times to be surfaced with those from the other two 
branches connecting of additional delay line (DL) is 
possible. By the middle branch a predistortion of the 
second order (quadratic predistortion) is realized. The last 
(lowest) branch represents the cubic (of the third order) 
predistortion. The signals from the two last branches, 
beared the respective predistortions, are summed in a 
splitter (S). At an ideal balancing in its output, only the 
cubic component is received, and in the real case – the 
quadratic and cubic components. By Tap2 expression (3) is 
realized, and the adjustable amplifier with G is used for 
obtaining of commensurable amplitudes of the three 
components in signal  y1 – from one side the linear and 
from the other – quadratic and cubic.  
Tab.1. Volterra kernels identification. 
Component Direct Fourier Transform Laplace transform 
Linear (1)1y .x.HG 11  (p).x(p).Lk 11  
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Fig.3. Block diagram for predistorter and the loop for adaptive compensation 
For the last two components if it is necessary more precise 
restriction of the nonlinear products of the second and third 
order is possible the connecting of signal phase regulators 
and high frequency filter in each of the two branches.  
The practical realization of the suggested model 
(Fig. 1) and the block diagram (Fig. 3) are made on the 
base of diode predistortion. For diodes transistors BFR96 
are used connected as it is shown in Fig. 4. The operating 
point on the V-A characteristic of each of them is defined 
by dc voltage Ub with the necessary polarity through 
resistors R5/R6 and R7/R8. The amplifiers for 
compensating losses in the passive elements, and at the 
same time for ensuring of the needed levels of the 
components, are realized with ACA0861D (IC1, IC2) and 
RF2312 (IC3). Each of them has a constant gain, which is 
forced by high-frequency electronic regulated attenuators 
(P, P1, P1’, P2, P3: π-sections from PIN diodes) on their 
inputs. 
Because in each term of (2) there are not only 
addends of the respective order, but also of all lower 
degrees, we can write down the following for the output 
signals from Fig. 1 and according to [5, 11],: 
a)  of the first order 
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b)  of the second order  
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c)  of the third order  
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That forces the separating of nonlinear branch in two 
as in the one of the parts the main signal is being amplified, 
and at the other part amplified is the inverted with T1 main 
signal, but with level, compensating the levels of nonlinear 
products from expressions (6) and (7). In the real case the 
signal passed to the laser diode is  
).....(.. 333
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where G is the common gain of IC3 and P. Balancing 
perfectly the predistorter’s characteristic, the quadratic 
components mutually destroy each other  
3
33111 ..... xHGGxHGy += . (9) 
In formula (8) is set that the quadratic component 
through T2 is with higher level than through T3. 
The results from the theoretical and experimental 
researches of the nonlinear products in output y are shown 
in a graphical form separately for the levels of composite 
distortions of the second and third other (Fig. 5 and Fig. 6).  
 
 
Fig.4. Predistorter electrical circuit diagram. 
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Fig.6. Alternation of the composite distortions from third order 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Alternation of the composite distortions from second order 
In the both cases the composite distortions at a lack (no_p) 
and a presence (yes_p) of predistortion are depicted (theo-
retical - yes_pt, and experimental – yes_pe, results). The 
frequency distribution is made according to the CENELEC 
EN 50083-3 (Appendix C) standard requirements. The 
number of transmitting channels is 60 in the frequency 
range of 49,75 MHz ÷ 550 MHz. For the theoretical cal-
culation of CSO and CTB the dependences brought out in 
[4, 10] are used. The experimental measurements are made 
by a spectrumanalyzer PROMAX, according to Fig. 3. For 
realizing of adaptive compensation of the distortions of 
the second and third order optical receiver (ORx) and RF 
down converter (RF DwC) is lead in a feedback [1] with 
optical tap (OT). Depending on the nonlinear products 
amplitudes, the necessary voltages for controlling of the 
predistorter’s parameters and characteristics (Fig. 3 and 
Fig. 4) are worked out from μC. 
4. Conclusion 
In this paper, we discussed the applying of adaptive 
compensation with predistortion for achieving of im-
provement in the CSO and CTB with 8 ÷ 12 dB, as they 
arise respectively to 73 dB and 77 dB (Fig. 5 and Fig. 6). 
That improvement is brighter visible for the channels dis-
tributed from 400 MHz to 600 MHz, while the predistor-
tion efficiency is lower for low frequencies. The experi-
mental research of the predistorter determined that for 
compensation of nonlinear product from any of the orders 
with 20 dB are admissible ± 0.8 dB deviations of the am-
plitude, and for phase characteristic ± 6° from the ideal. 
The good coincidence between the theoretical and ex-
perimental results confirms the right choice of mathemati-
cal method and its circuit realization. Besides, the influence 
of the LD and environmental temperature alternation is put 
out to a minimum, using thermo-stabilization with Peltier 
element (TEC-thermoelectric cooler, Fig. 1). A big priority 
is the simple circuit solution (without complication in the 
optical part). 
In a future work the extension of the given model is 
possible by increasing the compensation efficiency (Fig. 3 
with a dotted line): connecting of additional delay line, 
leading in of additional adaptive control of the signal phase 
and the HPF bandpass. But this complicates the optical 
transmitter’s circuit.  
References 
[1] WILLEMS, F., MUYS, W., VAN DER PLAATS, J. C., NUYTS, R. 
Experimental verification of self-phase-modulation induced 
nonlinear distortion in externally modulated AM-VSB Lightwave 
systems. Electron. Letters, 1996, vol. 32, no. 14, p.1310 - 1311. 
[2] HELMS, J. Intermodulation distortions of broadband modulated laser 
diodes. J. L. Technology, 1992, vol.10, no.12, p. 1901-1906. 
[3] PAN, Q., GREEN, R. Amplitude density of infrequent clipping 
impulse noise and Bit-Error Rate impairment in AM-VSB/M-QAM 
hybrid lightwave systems. IEEE Trans. Communications, 1996, vol. 
44, no. 10, p. 1329-1334. 
[4] PANAGIEV, O. Some capabilities of the optical technologies in the 
cable television systems. In Proceedings of the ІХ NSASC 
“Electronics'2000”. Sozopol (Bulgaria), 2000, p.163 - 170. 
[5] ZEPPARELLI, F. Modelling and design of a broadband predistortion 
circuit for radio-over fiber systems. IEICE Tr. on Electronics, 2003, 
vol. E85-C, no. 3, p. 519 - 526. 
[6] COX III, C. Analog optical links theory and practice. Cambridge 
University pres., 2004. 
[7] SEO, J. H., SEO, Y. K., CHOI, W. Y. Nonlinear distortion 
suppression in directly modulated DFB lasers by sidemode optical 
injection. IEEE MTT-S Digest, 2001, p. 555 - 558. 
[8] GUPTA, R. Adaptive digital baseband predistortion for RF power 
amplifier linearization. High Frequency Electronics, 2006, p.16-25. 
[9] HRISTOV, V. Using assembler and C languages in the education of 
microcontrollers. In Proc. of the Conf. SAER’06. 2006, p. 200- 205. 
[10] PANAGIEV, O. Analysis and Reduction on Nonlinear Distortions 
for Signals in the Broadband Cable Communication Systems. 
Dissertation, Technical University of Sofia (Bulgaria), 2006. 
[11] JERUCHIM, M. C. Simulation of Communications System: 
Modeling, Methodology, and Techniques. 2nd ed., Kluwer 
Academic/Plenum Publishers, New York, 2000. 
About Author... 
Oleg PANAGIEV was born in Varshets, Bulgaria in 1962. 
He received his MSc degree in 1988 and his PhD degree in 
2007 from the Technical University of Sofia. His interests 
are broadband cable (optical and coaxial), satellite and 
radio-communication systems: theory, design, simulation, 
construction, measurements and repair. 
